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Characterizationof new focum projection and scan (rPS)
imaging applications

George J. Yates and Steven A. Jaram:

LAMSAlamo8 Hatlonal Laboratory
Lcs A1s=08, JIM 87545

vidicons for scientific

110

Several new photoconductorm now commercially availabla as targets in Type 7803 FOCUS
Projection and Scan (FPS) ●lectrostatically focused vidicona hava been characterized for use
as radiometric sensors in transient illumination ●nd single frame applications. These
include Saticon (Se + As + Te), Nawvicon (ZnSe), Pasecon (cdSe), and Plumbicon (PbO).
Samplas from sevaral domeetic and foreign manufacturers have been evaluated for photocon-
du?tive response time ●nd respcnmivity at selected narrow wavelength bands, including 41o
nm, 560 nm, ●nd 822 rum. These data are compared with performance data from older target
materials including Sb S3 and silicon. The effect of bias lighting on sensitivity and
transfer curve slopes $oraingleeventp ulsedlightm timulasa represented. Dynarni.range
and saturation limits as functions of beam aperture, target voltage, and filament current
are also discussad.

The generic ?803 type focus projection and scan (FPS) vidicons ara usad extenaivelyl-3 in
nucltar waapons test programs Involving fast (1.6 to 16 ms TV fielde of 256 scan lines)
telemetry of video signala from remote underground tests. This type of vidicon, electro-
static deflection and magnetic focun was originally reelectedfor usa primarily because of
the many degraes of freedom available in controlling raSter SiZa, location, format, and
read-out speed.

sjJ.nce1985, several domestic and foreign manufacturers have developed prototype 7803
configuration FPS vidicons which formerly were produced ●xclusively by General Electric.
Targeta ●vailabla from GE were spatially-processedSb2S3, and QpitRxial silicon diode
wafers. Targat selection now includes Sb S3,

$
SiliCOn, and Saticon from Thumson-CSF, sb2s3

and Siliccm from English Electric Va:ve, Ib2S3~ Saticon, and Paaecon from Heimann-MII,
Sb2S3, Newvicon, and Plumbicon from Amperax, and Sb2S3 from UII-TQltrOn.

We hwa characterized photoconductiva lag, ●pectral reaponaivity, and dynamic range of
tmvoral vidicons from ekch manufacturer and have compared their performance with that
obtained from GE vidicons, For the GE vidicons, improvomenta in sensitivity and dynamic
range were investigated by Wudying the ●ffects of increamed beam aperu.-~s in the triode
aloctron guns, The ho ‘.zontal Neaolution ●s a funotion of beam aperture was meamured to
identify ?rade-offs betwaon range and resolution.

All te%te of FPS tubaa described in thie report Wm?e performed uming ● single-field fan:
read-out.TV camera (Xedar Model XS-503) with 256 ●ctive ●an lines in 3.2 ma. The ampli-
fier are flat.(not peaked) within f 0.5 db from *1OO lGtzto=2!5 MHz with the upper -3 db
aomer frequency mt 30 HM. The preamplifier hava a linaar dynamic range of 250/1 with
Toise of 2!0mV pp and maturation ●t 5V. The tests wme performed using only pulmed light
sources (100 pm to 5MS full width at half maximum (FWHM)) at selected wavelengths to detar-
mine transient rwepormes to cpectrd used in field applications. Theso includa NE-102 fluors
with p~ak ●ralemion●t 430 nm and P-20 phoaphora with a 560 nm peak.

a&.JiUMiAmmmwmm

In 7803 type triode win FPS vidicona, tha eleutron beam diverqe- ●s it leavee the
Orcssover point ●nd prooeedm t.owa:ds the target. A Betellic dlac with ●n ●parture in the
center ia located Ln close proximity to tho nromawer. The apartura transmits only the
central region of the cathode beam, sating pertly em a ●pot-size defining aparture and
partly ●s ●n ●perture-atop to dmfine tha Baxinum divergonoe ●ngle and croan ●octional area
of th? beam. Ideally, the croarntivar(not tho mparturo) ia focused ●t the tergat. There-
fore, varying the beam ●perture diametar ahoul{lnot affect Image focum but should merely
aontrol the amount of ●leatrons in the beaa. In principle, the beam ●perture oontrols the
●lectron flux roughly anmlogous in c?prrationox’Yunction to tha familiar light aperture or
?/number adjustment in tinopticsl Aansa. Our measurements, however, indicata that moat vid-
ioons rehega ● mixture or involution of tha beam crossover diameter and the disc ●perture,
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SIL ICON TARGET DYNAMIC RANGE VS
READ-BEAM APERTURE DIAMETER

SILICON TARGET DYNAMIC RANCE VS
READ-BEAM APERTURE DIAMETER
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Fig. 2. Dynamic ranga vs. ●parturs
diameter for l-roil and 4-roil
fiber optic faceplata SITV3.

Our ●tudias2 of the effectm of ●perture cize uaad momtly silicon targatr rather than
Sb2S3 becauso or the wide variation possbiblein Sb2S3 responssa much am photoconductivsi
lag, ●pectral rmmponaivity, and target sapacity. Two lots of Ganeral Electric vidiconn (30
●.iliconand 15 Sb2S3) with fiber optic input windows and with 8PertUrec diamt.era Of 1? 1.5,
2, 3, or 4-Miln ware ●valuated.

Sev@ral si.icon-intensified-targetvidicons (SITV8)’ of various ●perture ●izo wera also
●valuated to provide a lax?gar mtatietical bane for the ohracterization of ●pmt.ure effects.

Increasom in dynamic range of z 3.5x were meaaured for 2-Bil t.uboswhan coaparod with
l-Bil tubam ●n ●hewn in Fig. 1. This oomparem’well with the predicted 4X increasa from com-
paring aream for the two apartures, ●aauming uniform ●lectron dorsnityh the beam and
uniform charge on the target. Tha 2-roil tubem ●180 sh’uwodm2X tho aonmitivity observed for
the 1-811 tubas. ~im was attributed to ecanning the taqast with a baam ●pot *2X Aargar in
diameter thereby providing a larger loadhg edge for nautra: zing a larger area of cha:ged
●urface ●u thm beam moves latarally ●cross the tar ●t.

!
l’lmaomparimon between 1- and 3-ail

vldicons ●gain ●hewed botb gain and dynamic range ncrcasaa.

8iailar t.mtm on 1- &nd 4-roilSXTV’a showed &nCr9aSSam in flynWiC range Only kizh no
changom in ●enaitlvity ●m ●hewn In Fig. 2. This, wa fael, reFresente the ideal uaao whera
the aroasovar (not tha ●perture) 10 reimagad ●t the targc!t. A normalized tranafer curva for
● 2-roil ●iliaon vidicon im included to aompare ●aturation limjtm for the thrae ●reas oorram-
ponding to the 1-, 2-, ●nd 4-roildinmetars.

The variant ramponscs itiiobt~ that the ●oan beam spot uirna at the target in intieeda
funotion of both the ●perture and aroatsovar imagea. Although ●ll tubes wore o~ratad alike,
the SITVa ●ppeared to fucum primrily the wroasovar (Fig. 2) Whila most vidiconfi ●ore noerly
foou the ●pertur~ (Fig. 1).

Plots of ●varagm resolution v@, d~mic r-a for several ●illoon tuMa of variou~ apar-
turam indicatmm that the resolution degradem by #a retio of aperture fliamsstara●nd the
dynamic range inareaaea by tha ratio of aparture ●roag, For examplm tha CTF ●t 9 lppn for
l-roiltubes immoat while tha Z- ●nd 4-Bil tubas chow similar (YI’F,W99 ●nd 858 reapcctivaly
●t 4.5 and 2.5 lp/am.

The SITV tubem uamd in t~,iostudy have 2s-ma diamatmr photocathodw and 1~-mm diamtiter
ailioon tarqatrn. Oamacjnifyjng●leotron optics!(X - 0.72) in ths imaga naction lncraame tha
epatial frquanuy (of resolution b?r pattarns focumod on tho phot(wathoclefor reeolut,icn
moamurementa) at the target. Thm spatial frmgumnciem of lntaremt for observing aperture
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RESOLUTION VS READ-BEAM APERTURE

DIAMETER
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Fig. 3, CT? plots for mevo:al vidicons of
variow apertur~ SIZO ●nd target
Betmriel,

Fig. 4. Photoconductive lag or aaoakw
●etup. A Xenon flash is inaged
onto the vidicon target near the
perimeter opposite the top of tha
raster. This allovn the target
●oak period to be controlled by
raeter speed. The strobe is
flaehod tiuringthe vertical ●ync
intmval (scan is then at top of
raeter) or ●nytime up to one scan
line before intercepting ●ignal
from thu ctrobe. Th@ ●ignal (AV)
through the etrobe pnttorn at the
fihucial location is ●eamured to
plot tho photoconduc:ive lag.

●ffmcte ●re thoee at the target, therefore the froquenciae at the photocathode are corrected
by th~ above ●agnificatiun to give frequencies proeent ●t the target ●m dopictmd In Fig, 3.

Tha slopas of the various Cl’?curvee vary with spatial freqwncy. All curws ❑erge at
the lovsr frequencies where the ●ax.iaumbeam diameter apparently ic much smaller than the
bar widths in the imagud roeolution pattarn. This indicaixs that ●ll aperturce adequately
racolva the image. However, at highar frquenciec the raeolvinq pcvar of tha varioua aper-
turas ●ppears to follow the ratio of thair diemetors as ●xpected. Table I indicatem the
spati81 frequancy required for ● given CTF (am highlighted in Fig. 3) from tubes with 1-,
2-, M 4-miA aperturea.

Tsbl@ X. Aperture resolving powar ●t ●aleated CTF levels
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3. PHOTOCONDUCTIVE RESPONSE TIME

M indicated in our earlier worke2~3, the photoconductive lag, response time, or eoak
variea with target metarial and oparating ootiitions, We have thoroughly characterized the
GE Sb2S3 and 8ilicon targeta w.r a period of several years (1970 to present) in our TV
●ystems. With the ●dvent of new mxxces o? FE% vidicons tiletask of waluating new Sb2S3
photooonductora resurfaced. In ●ddition, the newer target materialm required character-
ization under pulasd lighting conditions as well.

The amplitude ●s ● function of eoek (tti between excitation of the target with ● pulse
of light and interrogation of the resulting signal charqe) wae measured with the setup shown
in Fig. 4. The fiducial la a emall apexturc ueed to identify the came ●patial location on
the ●trobe pattern to ●inimise -ore from non-uniform intensities over the ●trobed ●urface.
The lenflh of time, At, from ●xcitation to interrogation wam variable from on- 8can line to
●pproximately three fourths of a TV field with this ●rrangement.

The FPS vidicons are intended foz use in fast read-out ●pplications whera the line ●nd
field times are much shorter than conventional 2tb%170video. The various stiurcesof Sb2S3
targeta, ●s well as new target meterialm h tha FPS configuration, were ●valueted under 8uch
condition u:’h ● range of At from %12.5 ps to =2.7 ●s. The absolute response-ti.mes camot
be accurately determined without longer ●oek intervals. However, the anticipated usage of
TPS vidicons in 3.2 me field applicetiona rquire characterization in the 1 to 3 ms range.
Consequently, tubes with slow photoconductive response can severely compromise menmitivity
●t fast ●csn rates. Typical Sb2S3 date ●re plotted in Fig. 5 and the non-Sb2S3 data are
shown in Fig. 6.

Tha Sb S3 vidiconm from ●ach manufacturer were coqmred
etandard ~E 2-a7Ailvidicon.

with one randomly reelected
(After an R&D phase with FE, 6p8Ciel processed Sb2S3 with low

lag, high blue response, and 1.5 and 2-roil●parturoa were reelected as our ●tandard FPS
vidiconm.)

The white light tranmfer curves (for pulsed light) for sb2S3 FPS vidicons from the five
manufacturers are shown in Figs. 7-10. The measurements were made using a Xenon strobe of

-Am FwHM. Ali vidicons were operated with the same biau conditions. The target voltlge was
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was +45
1), the
95 mA.

V with respect to the cathode, the
targets were overscanned, the somk

beam current was maximum (-0 to -5V bias on Grid
perlOd was =2.7 as, and the filament current was

The GE, Amperex, and Thomson-CSF tuhm showed similar sensitivity and gain. However, the
GE 2-roiltube has a much larger dynamic range, probably due to it8 larger eperture. Note
that the preamplifier saturates before the GE Vldlcon reaches the limit of its transfer
curve. The EEV and HeiQaM-HII vidicons hiwt ●i811ar dynamic range but are approximately 2x
and 4X less sensitive respectively than tha GE vidicon. An Amperex 2-roiltube (SN U1114 of
Fig. 7) showed &ynamic range eimilar to the GE 2-roiltube but with slightly less gain.

To ●liminate pousible gains from differences in target ●pectral bandwidth the broad band
strobe light wam filtered to provide two narrow bands (X1O nD wide) centered at 400 nm and
530 nm. The optical energy transmitted through the filtere for each pulse of light was
meaSur@$ with an Optronic Mcdql 730A radiometer. Tha 400 ~ filter transmitted 0.28
●rgs/cm per pulee ●nd the 53o nm transmitted 0.12 ●rge/cn per pulse. The video eignals
obtained from the 530 mm data were normalized to expected ValUOs ●t 0.28 ergs. These data,
which indicate individual absolute rmmponsivities, are tabulated in Table II.

Table II spectral Responaivltiem

ms!u!Lm2s 4QQ.naLumkl 220 m &ianal

GE 662 8b2S3 680 mV 370 mv
EEV 3633 6b2S3 550 mV 280 mV
Amperex 5202 6b2S3 850 mV
Thomon-CsF

350 mV
7oaolo Sb2S3 600 mV 350 mV

Heimann-MII 64 Sb.s3
Amperex

150 mV
Pbd

70 mV
Uloll

Amperex
lv

T4704
920 mV

Znse 350 8V 1.3 v
Heimann-MII 68 Cd.Se 400 av 130 mV
Heimann-MI1 A1024 se+Ae+’1’e 1.3 v 460 mV
Thomsofi-CsF 10163 Se+As+Te 1*3 v 800 mv

ITY ~S . R ~2S3~

The much faeter photoconductiva responee time of the newer targetS, as indicated by
comparing Figs, 5 and 6 should improve responeivity at the feet FPS ●can rates. Also, as
faund in the commercially publiehad ●pectral menaitivity cunfes, the quantum ●fficiency and
reeponaivity of several ●xceed that for sb2s3 at the green and near infrared Wavelengths.

The white light tranwfer curves for ●ech target type with the green slid blua responses
olmerved for each are in ?igu. 11 through 15. These date ●re plotted againmt the 8tandard
GE 2-811 Sb2S3 vidiaon.

For these target matariale ~at operate at very low dark current levola (Uomparodwith
Sb2S3 targets) ● mteep superlinaar tranafer characterimtlc ●t lower light levele wes
observed. In come ●xtreme ceaes the trenmfer sdrves terminate prematurely resulting in re-
duced dynamic range ee obearved in Fig. 12 for Pbo tubee, in Fig, 13 for CdSe and in Figs.
14 ●nd 1 for 61atioon tubee.

2 The muperlinaar rcaponee for silioon Vidioona ha= been noted
before2# . We attributed it to light-induced charge that im used to fill trapping centers
in the target material, (Nornelly, these are filled with random Qarriere from high quies-
aent dark currwit ●s with Sb2S3 vidicons.) For pulmed light epplicatione where a ●ln$!le
pUle@ Of light writes the targht thi# oan be dieamtroue. We briefly ●xperimented with ad-
ding C!II biam light to fill trape, thereby allowing the light-in~uced aharge to be coneerved
for ●ignal. The bias light extanded the dynemic range for PM vidioone by approximately a
faotor of ten as indioated in Pig. 12. For tinSevidioons, bien lighting appearm to decreame
the tranefer curve ●lope at lower light levelm from ne~rly linear to ●ublineer ae ●hewn in
Fig. 11, There also ●ppear- to x an ●ffeative gain incramee in ZnSe from bias lighting.

The ●ffect of edding bias light 1S demonstrated in Fig. 16. The ●ignal from the pulsed
light ●ource Incremman in amplitudo as the biae light ●trangth im inareaaed. With no bias
light, this targ~t e!.;wano ●ignal from the pulmed source. Understanding the physics ●seoc-
iated with these pheneaena ●s well ●s detailed ●xperimentation with abnolute magnitudes of
bla8 lighting r.quired for ●ll targete under different operating annditione wae beyond the
scope of this ●tudy. It wae our lnteht to point out that ●om

!$

●ohaniom such as bian light-
ing ie neoessery for come target meterielm If they qe to com te ●ffectively with 8b2s3 -’———
targets in pulaad light epplicatione. other worke5 r’.morte the use of bi~s light to
iQpW/@ lag (either photooondutiive or read-out oomponants) characteristics of ●ilicon, 8nt-
icon, ●nd PbO ‘vidicons. However, to our knowled.3Q,improveaentm in extending dynamic range
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(b)

(d)

Fig. 16. Effect of CW bias lighting or
●inglo pulse (strobed) response
for Hoimann Cdsa SN 68. No bias
light ia added in (a), an arbi-
trary bies is added in and
attenuated by ND 3.1 in (b), ND
2.1 in (c)r andND 0.9 in (d).

Sk the lower end of the vidicon transfar curves by the use of bias lighting hae not baan
reportad elsewhere.

cm ON ~

The preceding tests ware conducted with filament current ●et to 90 ti for all vidicons.
TO further examine the widesl?raadin *a sb s3 vidicon ParfQrmance noted (wide variations

{●ximt ●ve,lamollg tubes from a given nanufac urer), the filamant currant was variad and the
tuba output rscxded.

The range selected was fro8 90 mA to 105 mA. ?losttubes ahowad gra4ual increases in
signal output as the filament currant increased. However, only tha EEV tubam shoved ma:kad
Iaprovament (*3.5X tho signal at 105 mA as observed for 90 mA) from the increaaea. The
other manufacturare vidicims ammarentlv have cathodee with flatter ●mission as a fUnCt~On Of
filament power.
plckted in Fig.
lat.ad below.

The
17.

-——-—..——..—
test remults for %ha beet $b2S

3
vidicons from ●ach manuf~cturer are

The voltage drops ●cross tha f lementm for ●ach of the tubes ●ra tabu-

Table XII ?il~nt Current/Voltaqe Characterimtica

XLmA

GE 6.3 V 7.0 v
Amperex 6.3 V 6.9 V
EEV 5.5 v 6.1 V
MII 6.0 V .--
Thomsm-cSF 6.5 V ---

LSMU3WQN

Ths FPS triode gun aparture influancas obsewad for
follows:

100 U 105 U

7.6 V ---
7.b V 0.2 v
6.8 V 7.4 v
7.2 V 7.9 v
7.8 v 8.4 V

silicon target vidicons are as

(A) Dynamic range is roughly directly proportional to area.
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Fig. 17. Effects of filammnt currant on vidicon ●aturation 10V81. Pour relative input in-
tensities near ●aturation ●ro shown for typical vidiconu from ●ach manufacturer.

(B) Resolution is roughly inversely proportional to diameter.

(C) l-roil vidicons
range of about

(D) 2-roilvidicons
range of about

(E) No alias!mg im

daliver limiting resolution of approximately 24 lp/mm and dynamic
60/1.

deliver linitlng resolution of approximately 12 lp/mm and dynamic
240/1.

observa.!with any aperture.
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$wk ResD onse

The soak performance fOr typical tar9etB of each type are as follows:

(A; silicon and saticon are the fastest, silicon requiring less than one scan line
(12.5#s) end the faSter SatlCOnS rtZWirin9 ==1OOJJSto attain final,value.

(B) ZnSe, CdSe, and PM have similar soak curves, requiring =250ps to attain 80% to
final value with 208 increase in range frOm 250Ns to 2.5 SIS.

(C) Sb2s3 targets require *500~s to attain 608 to final value with 408 signal in-
crease in range from 500us to 2.5 ms.

I!ilm ent ResDon~

The effects of varying filament power are as follows:

(A) All vidicons showed increaSes in nonsaturated target signals as filament cur-
rent was increased from 90 mA to 105 mA.

The EEV tube showed largest gain =200%, MII tube showed lowest gain -15%, GE,
Amperex, and Thomson-CSF tubes showed =30% gains.

(B) All vidicons except the EEV tube showed saturation at higher input light in-
tensities, even with increased filament power.
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